Sea ice changes inferred from methanesulphonic acid (MSA) variation in East Antarctic ice cores: are krill responsible? by unknown
Dimethyl sulphide (DMS) and its oxidation products (e.g.
methanesulphonic acid, MSA) are known to play important
roles in atmospheric chemistry (Liss et al. 1997). They act
as source of atmospheric particles, and affect the radiative
balance of the atmosphere directly by absorbing and
scattering solar radiation or indirectly by forming cloud
condensation nuclei, which enhance cloud albedo (Charlson
et al. 1987, Curran & Jones 2000).
Recently, MSA levels in East Antarctic continental ice
cores are reported to be correlated with the extent of
seasonal sea ice (Curran et al. 2003). Their study clearly
demonstrated high MSA deposition within the ice core in
years with extensive sea ice and low MSA associated with
years when there was less extensive winter sea ice. MSA is
a breakdown product of DMS which itself is a derivative of
dimethylsulphoniopropionate (DMSP) produced by
phytoplankton. MSA production is influenced by presence
of sea ice (Curran & Jones 2000). However, the
mechanisms linking phytoplankton DMSP production, to
sea ice extent and subsequent MSA deposition in ice cores
are unknown. 
Feeding herbivores can release DMSP from
phytoplankton (Dacey & Wakeham 1986). Antarctic krill,
Euphausia superba, and salps, Salpa thompsoni, are the
dominant Southern Ocean herbivores (Loeb et al. 1997).
Krill break phytoplankton in their mandibles and further
crush them using their gastric mill causing the release of
organic matter to seawater, whereas salps ingest whole
phytoplankton, transferring the ingested chemicals into
rapidly sinking pellets. A recent study has shown that
DMSP release into seawater was positively correlated with
phytoplankton ingestion by krill, whereas feeding salps
released negligible amounts of DMSP (Kasamatsu et al.
2004). The potential DMSP release by feeding krill
estimated in this study (0.048–7.25 μmol m-2d-1) could
account for a substantial portion of the overall DMS flux
estimated for the Southern Ocean (9.4 μmol m-2 d-1) (Curran
& Jones 2000). Furthermore, since the reported range of
ingestion rates during the krill feeding experiments
(262–718 ml ind-1 h-1) (Kasamatsu et al. 2004) were lower
than known field ingestion rate (over 3 l ind-1 h-1 Quetin 
et al. 1994), the actual impact of krill feeding in the wild
may even be greater.
Phytoplankton species in the SIZ exhibit higher levels of
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Table I. Processes involved in link between the sea ice extent and ice core MSA deposition.
Sea ice extent References
Greater Less
SIZ phytoplankton bloom enhanced reduced Lancelot et al. (1993)
Phytoplankton DMSP abundant poor Curran & Jones (2000)
Krill
habitat wider narrower Nicol et al. (2000)
abundance (local and regional scale) greater less Loeb et al. (1997), Atkinson et al. (2004)
overall grazing impact enhanced reduced
Salp
habitat & abundance offshore closer to the continent Nicol et al. (2000)
Phytoplankton
primary production enhanced reduced Arrigo et al. (1997)
total phytoplankton DMSP in SIZ abundant poor Curran & Jones (2000)
overall DMSP release through krill grazing high low this study
MSA levels in ice core high low Curran et al. (2003)
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DMSP (Curran & Jones 2000), so higher DMSP production
from phytoplankton could be expected in years with
extensive winter ice cover. Krill primarily inhabit the
seasonal ice zone (SIZ) whereas salps are more open ocean
species and are distributed further offshore (Nicol et al.
2000). Increased seasonal ice means a wider habitat for krill
(Nicol et al. 2000) and also is associated with enhanced
primary production (Arrigo et al. 1997). Since krill are
herbivores, their grazing is a function of the standing stock
of Chl a, therefore, increased sea ice and the associated
enhancement of primary production should be reflected in a
higher regional food intake by krill. Positive relationships
between krill abundance and sea ice extent have been
reported on local (Loeb et al. 1997) and on regional scales
(Atkinson et al. 2004) and these relationships are thought to
be underpinned by the positive effect of sea ice on primary
production. Grazing by adult krill is thought to peak in the
vicinity of the ice edge in spring and early summer. The
consequent release of DMSP would be recorded as elevated
MSA levels in ice cores collected on the continent nearby
(Table I). Conversely, in years when winter sea ice is
reduced, salps would be distributed more widely and they
would be found closer to the Antarctic continent. Under
these conditions more DMSP would be sequestered in deep
water through the sinking of salp faecal pellets. 
Many processes link phytoplankton DMSP production to
ice core MSA levels. We believe the release of DMSP by
feeding krill is likely to be an important step.
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